Two new flavanones, (2S)-5-hydroxy-7,4′-di-O-(γ,γ-dimethylallyl)flavanone (1) and 6-hydroxy-E-3-(2,5-dimethoxybenzylidine)-2′,5′-dimethoxyflavanone (2), together with three known compounds, tephrowatsin C, afrormosin and kaempferol 3-O-β-D-glucopyranoside were isolated from the roots of Tephrosia calophylla. The structures of 1 and 2 were established by extensive 2D NMR spectral studies.
Tephrosia (Leguminosae-Papilionoideae) is a large tropical and sub-tropical genus estimated to contain about 300 species [1] . The genus Tephrosia is a rich source of flavonoids and isoflavonoids [2] . A few species of this genus have fish poison [3] , repellent [4a] , piscicidal [4a] , insecticidal [3,4a, [4k, 4l] properties. Tephrosia calophylla Bedd. is a perennial undershrub widely distributed in Talakona forest of Andhra Pradesh, South India [5] . Earlier investigation on the whole plant of this species has led to the isolation of a new coumestan, tephcalostan [6] . Continuing our investigations on T. calophylla, we report the isolation and structural elucidation of two new flavanones, (2S)-5-hydroxy-7,4′-di-O-(γ,γ-dimethylallyl)flavanone (1) , and 6-hydroxy-E-3-(2,5dimethoxybenzylidine)-2′,5′-dimethoxyflavanone (2), together with three known compounds, tephrowatsin C [7] , afrormosin [8] and kaempferol 3-O-β-Dglucopyranoside [6] from the roots.
Compound 1, obtained as yellow needles, showed a [M+H] + peak at m/z 409.1984 in its positive ESITOFMS corresponding to the molecular formula C 25 H 28 O 5 . The 13 C NMR spectrum of 1 showed resonances for all the 25 carbons of the molecule. The UV spectrum showed absorption maxima at 289 and 333 (sh) nm characteristic of a flavanone moiety [9a] . Addition of NaOAc caused no shift in band II UV absorption maximum indicating the absence of a free hydroxyl group at C-7. A bathochromic shift of 22 nm observed after the addition of AlCl 3 and AlCl 3 /HCl, and a downfield 1 H NMR signal at δ 12.12 in 1, suggested the presence of a chelated hydroxyl group at C-5 [9b]. The IR spectrum showed strong absorption bands at 3426 and 1638 cm -1 due to hydroxyl and carbonyl functionalities, respectively. The 1 H NMR spectrum of 1 further exhibited signals for the presence of two γ,γ-dimethylallyloxy substituents with a pair of methyl singlets at δ 1.74 (6H, Me-4″, 4′″) and 1.76 (6H, Me-5″, 5′″), two sets of oxymethylene doublets at δ 4.59 (2H, J = 6.6 Hz, CH 2 -1′″) and 4.61 (2H, J = 6.7 Hz, CH 2 -1″), and a pair of vinyl proton triplets at δ 5.43 (1H, J = 6.7 Hz, H-2″) and 5.47 (1H, J = 6.6 Hz, H-2′″) [10] , respectively. The two γ,γ-dimethylallyloxy moieties were placed at C-7 and C-4′, as the oxymethylene protons at δ 4.61 (CH 2 -1″) and 4.59 (CH 2 -1′″) were correlated to C-7 (δ 168.2) and C-4′ (δ 160.2), respectively in its HMBC spectrum ( Figure 1 ). The positions of two γ,γ-dimethylallyloxy moieties were further confirmed by NOE interactions of CH 2 -1″ with H-6 and H-8, and CH 2 -1′″ with H-3′ and H-5′, respectively in the 2D phase sensitive NOESY spectrum ( Figure 1 ). The absolute configuration at C-2 was determined to be S [11] on the basis of the positive and negative Cotton effects at 333 and 289 nm, respectively in its CD spectrum. Thus, the structure of 1 was established as (2S)-5-hydroxy-7,4′di-O-(γ,γ-dimethylallyl)flavanone. Incidentally, the occurrence of 1 constitutes the first report of a naturally occurring flavanone with di-O-prenylation.
Compound 2, isolated as orange red crystals, showed [M+H] + peak at m/z 449.1570 in its positive ESITOFMS consistent with the molecular formula C 26 H 24 O 7 . This was supported by the appearance of 26 carbon signals in its 13 C NMR spectrum. The IR spectrum showed two strong absorption bands at 3314 and 1637 cm -1 assigned to hydroxyl and carbonyl functionalities, respectively. The 1 H NMR spectrum of 2 showed two one-proton doublets (J = 1.0 Hz) at δ 6.76 and 8.13, correlated to carbons The 1 H NMR spectrum also displayed signals for four methoxyl groups at δ 3.87, 3.81, 3.61 and 3.47, and were placed at C-2′, C-2″, C-5′ and C-5″ as they showed 3 J correlations with these carbons at δ 152.8, 153.9, 154.3 and 154.0, respectively in its HMBC spectrum. These assignments were further confirmed by NOE correlations of 2′-OMe (δ 3.87) with H-3′ (δ 7.05); 2″-OMe (δ 3.81) with H-3″ (δ 7.01); 5′-OMe (δ 3.61) with H-4′ (δ 6.89) and H-6′ (δ 6.67); and 5″-OMe (δ 3.47) with H-4″ (δ 6.94) and H-6″ (δ 6.34) in the NOESY spectrum ( Figure 2) . Thus, the structure of compound 2 was elucidated as 6-hydroxy-E-3-(2,5-dimethoxybenzylidine)-2′,5′dimethoxyflavanone. Although several synthetic 3-arylideneflavanones are known in the literature [12] [13] [14] [15] , the occurrence of 2 constitutes the first report of a new class of flavonoid from a natural source and is of biogenetic importance.
Experimental
General: Melting points were measured on a Kofler hot-stage apparatus and are uncorrected. Optical rotations were measured in MeOH at 25 o C on a Perkin-Elmer 241 polarimeter. UV absorptions were measured in MeOH on a Shimadzu UV-2450 spectrophotometer and IR spectra were recorded in KBr discs on a Thermo Nicolet 200 double beam spectrophotometer. 1 H NMR spectra were recorded at 400 MHz on a Bruker Avance 400 spectrometer and 13 C NMR spectra were recorded at 75 MHz on a Bruker AC 300 spectrometer using Me 2 CO-d 6 with TMS as internal standard. 1 H-1 H COSY, HSQC, HMBC and NOESY (500 ms mixing time) spectra were obtained using the standard pulse sequences. ESITOFMS was recorded in positive mode on an API Q-STAR PULSA of Applied Biosystem. CC was carried out on silica gel (Acme) finer than 200 mesh (0.08 mm).
Plant material:
The roots of T. calophylla were collected from Talakona forest, Andhra Pradesh, South India in January 2004. A voucher specimen (DG-042) has been deposited in the herbarium of the Department of Botany, Sri Venkateswara University, Tirupati, India.
Extraction and isolation:
The shade dried and powdered roots (6.8 kg) of T. calophylla were exhaustively extracted with n-hexane (3 x 9 L), Me 2 CO (3 x 9 L) and MeOH (3 x 9 L). The hexane extract (24 g) was purified over a silica gel (150 g) column using n-hexane and EtOAc step gradient as eluents. A total of 64 fractions of 50 mL each were collected. Fractions 9-20 eluted with n-hexane-EtOAc (9:1) on concentration furnished a white solid which on crystallization from CHCl 3 gave colourless needles of tephrowatsin C (12 mg). Fractions 30-42 eluted with n-hexane-EtOAc (7:3) on concentration yielded a pale yellow solid which on purification over PTLC followed by crystallization from Me 2 CO afforded yellow needles of 1 (14 mg). The Me 2 CO extract (26 g) and the MeOH extract (12 g) were found to be similar and hence combined. The combined extract (38 g) was purified over a silica gel (200 g) column employing n-hexane and EtOAc step gradient as eluents. A total of 78 fractions of 50 mL each were collected. Fractions 18-29 eluted with n-hexane-EtOAc (8:2) on concentration afforded a white solid which on crystallization from Me 2 CO afforded 16 mg of afrormosin. Fractions 37-49 eluted with n-hexane-EtOAc (6:4) on concentration furnished an orange gummy solid which on further 
